Photorespiratory toxicity in autotrophic cell cultures of a mutant of Nicotiana sylvestris lacking serine: glyoxylate aminotransferase activity.
Procedures were devised for heterotrophic culture and autotrophic establishment of protoplast-derived cell cultures from the sat mutant of Nicotiana sylvestris Speg. et Comes lacking serine: glyoxylate aminotransferase (SGAT; EC 2.6.1.45) activity. Increasing photon flux rates (dark, 40, 80 μmol quanta·m(-2)·s(-1)) enhanced the growth rate of autotrophic (no sucrose) wild-type (WT) cultures in air and 1% CO2. Mutant cultures showed a similar response to light under conditions suppressing photorespiration (1% CO2), and maintained 65% of WT chlorophyll levels. In normal air, however, sat cultures developed severe photorespiratory toxicity, displaying a negligible rate of growth and rapid loss of chlorophyll to levels below 1% of WT. Low levels of sucrose (0.3%) completely reversed photorespiratory toxicity of the mutant cells in air. Mutant cultures maintained 75% of WT chlorophyll levels in air, displayed light stimulation of growth, and fixed (14)CO2 at rates identical to WT. Autotrophic sat cultures accumulated serine to levels nearly nine-fold above that of WT cultures in air. Serine accumulated to similar levels in mixotrophic (0.3% sucrose) sat cultures in air, but had no deleterious effect on fixation of (14)CO2 or growth, indicating that high levels of serine are not toxic, and that toxicity of the sat mutation probably stems from depletion of intermediates of the Calvin cycle. Autotrophic sat cultures were employed in selection experiments designed to identify spontaneous reversions restoring the capacity for growth in air. From a population of 678 000 sat colonies, 23 plantlets were recovered in which sustained growth in air resulted from reacquisition of SGAT activity. Twenty-two had SGAT levels between 25 and 50% of WT, but one had less than 10% of WT SGAT activity, and eventually developed symptoms typical of the sat mutant. The utility of autotrophic sat cultures for selection of chloroplast mutations diminishing the oxygenase activity of ribulose-bisphosphate carboxylase/oxygenase (EC 4.1.1.39) is discussed.